Historical and archaeological evidence shows that ancient Hellenes had developed underground aqueducts since the prehistoric times. However, innovative methods of underground aqueducts were developed in Hellas mainly during the Archaic, Classical, Hellenistic, and Roman periods. Since the well-known tunnel at the island of Samos, Hellas, was designed and begun its construction (ca. 550 BC) by Eupalinos of Megara (the first civil engineer in history), several underground tunnels (with and without well-like vertical shafts) were implemented in the country. The goal of Eupalinos tunnel was to transfer water into the town from a spring. This tunnel, representing the peak of ancient hydraulic technology, was dug through limestone by two separate teams advancing in a straight line from both sides of the mountain. Delivering fresh water to growing populations has been an ongoing problem since ancient times. Several underground aqueduct paradigms (e.g. Peisistration in Athens, Polyrrhenia in Crete), some of which are in use even today, are presented and discussed.
INTRODUCTION
Management in drinking water supply has always been of fundamental importance for human kind from antiquity.
Ancient populations in order to have the available water resources in their cities were obligated to make tremendous efforts concerning the planning, the construction, and the maintenance of long and complex aqueducts, many of them developed in underground construction for most of their length. Underground aqueducts (e.g. qanats, tunnels, various types of inclined galleries with and without shafts, or with inverted siphons) bring groundwater and/or surface water from an area usually mountainous to the lowlands, sometimes several kilometers away, from where water is used.
Aqueducts including underground structures were implemented in the ancient Hellenic world for over 5,500 years (De Feo et al. ) . It should be noticed that no large-scale water lifting techniques were available, and water was transferred from the source (usually a spring) by aqueducts by gravity. For the semi-arid regions inhabited by the Hellenes during Prehistoric, Classical, and Hellenistic times, it was all too natural for every city to have its own water supply system as a basic feature of civilized life and development. Yet, because of the continuous wars between ancient Hellenic cities, aqueducts used to be hidden and subterranean rather than with visible conduits on bridges.
The aqueduct system based on underground transport had been widely used by Hellenes and was reported as ancient already during Frontinius's time (AD 97) , who was the commissioner of Rome's aqueduct. It had the advantage of protecting water from external impacts and pollution and at the same time was better maintained and preserved. An aqueduct of this type was composite. It was composed of tubes or channels, made of stone slabs or terracotta (Malacrino ).
The art of tunneling and the expertise in realizing deep
shafts and underground canals to transport water since prehistoric times is suggested by the drainage works (drainage channels and polders) realized at Kopais basin (in Viotia, central Hellas) at the beginning of the 2nd millennium BC (Knauss ) . The impressive remnants of this hydraulic work represent the most important land reclamation effort, including tunneling drains of Mycenaean Hellas (Koutsoyiannis & Angelakis ) . To report for example the attempts of the Mycenaean civilization to cross the mountain ridge closing the basin with an artificial emissary discharging the water toward the sea, around the 12th century BC (Castellani & Dragoni ) .
For the Hellenic civilizations, one of the salient characteristics of cultural development, since the Minoan Era (ca. 3200-1100 BC), is the architectural and hydraulic function of aqueducts used for the water supply in palaces and other settlements. The Minoan hydrologists and engineers were aware of some of the basic principles of water science and the construction and operation of aqueducts. These technologies were further developed by subsequent civilizations.
Advanced aqueducts were constructed thereafter by the Hellenes and, especially, by the Romans, who dramatically increased the application scale of these structures, in order to provide the extended quantities of water necessary for the Roman lifestyle of frequent bathing (Hodge ; Kaiafa 
PREHISTORIC TIMES
The basic principles of aqueduct construction had been discovered by the Minoans but mainly later, by Hellenes in the Classical and Hellenistic periods. However, Roman aqueducts were arguably more common, larger in scale, and capable of transporting larger amounts of water than their Minoan, Etruscan, and Hellenic predecessors (Mays et al.
; Angelakis & Spyridakis ).
Bronze Age (ca. 3200-1100 BC) In Minoan Crete, the technology of transporting water by aqueduct to palaces and other settlements was well developed as early as the Early Minoan Era (ca. 3000 BC). Frequent earthquakes may locally have caused a decline of aquifer levels and made it necessary to transport water from longer distances 
HISTORICAL PERIODS Archaic period
In the archaic period of the Hellenic civilization, aqueducts, cisterns, and wells were similar to those built by the Minoans and Mycenaeans. However, the 
Megara aqueduct
At Megara in West Attica, Hellas, several stretches of an underground canal with tubing, dated to archaic period, have been found (Malacrino ) . Specifically, this underground aqueduct is discovered in a rural area of Megara Except for some minor irregularities, the southern half is remarkably straight. The craftsmanship is truly impressive, both for its precision and its high quality.
The Hymettos aqueducts
This is usually confused with the Peisistratian aqueduct As Crouch () pointed out, the highly developed urban water systems of and Hellenistic times were based on careful study of the behavior of water integrated with equally knowledgeable manipulation of human economic and political behavior.
In Magna Graecia, the inhabitants of Akragas asked the engineer Phaeax to construct a system of tunnels for collecting and transporting water (section 2 m by 1 m) to feed about twenty fountains in the whole city. The total length of these tunnels beneath the ancient city surpasses 15 km (Tassios ) . It is worth mentioning, also, the water collection system of tunnels for the great Peirinis fountain in Acrocorinthos (Tassios ). Finally, the qanat system for collecting, transporting and depositing water was extensively developed in ancient Athens. Shafts -water wells were joined, forming huge underground projects ( Figure 7) (Chiotis ).
Around 420-400 BC the aqueduct at Olynthos City, Chalkidiki was constructed (Bakalakis ). In the 4th century BC the aqueduct at Strymi City, Molivoti Peninsula, Thrace was constructed (Bakalakis ). Around 300 BC the complex irrigation system, including tunnels, at Perachora, Korinth area was constructed (Lazos ) , and in the 3rd century BC the aqueducts at Aegina, Skyros Islands and Kyrini, north Africa, were constructed (Vavliakis ). • Two underground tunnels of total length 74 m, with an average height 1.50-1.60 m and a width of 0.56-0.75 m.
Aqueducts of Polyrrhenia
The view of one of these tunnels is shown in Figure 9 (b). Water flows on the bottom right channel while a path is on left side for maintenance of the tunnel.
• Three shafts/wells (1, 2, 3), from which the two of which (1, 2) communicate with the surface, but the third is closed.
• Four water reservoirs (a, b, c, d).
There are two main water entry points. The first of these is located at reservoir (d), follows the route of tunnels E, C, B, and A and after traveling through a narrow pipeline reaches the end tank, where it is chlorinated. The second one is located at the base of the shaft (2) following the route of tunnel D, and then via pipeline arrives at the main collector.
The aqueduct of Lyttos
The aqueduct was obliged to abandon the contours of the mountains to traverse the lower terrain towards the city, The Byzantine period and Venetian rule (ca. AD 330-
1538)
In the Byzantine period, the construction of aqueducts was abandoned and emphasis was put on the construction of tanks or cisterns. The tanks and cisterns were constructed in order to collect rain or spring water.
Ottoman period
The Ottoman period is characterized by the construction of 
Present times
The major hydraulic tunnels of present times were associated with the projects for the water supply of Athens. As has been already mentioned, the inhabitants of Athens had The Giona tunnel had to cross the High Giona Mountain, under a maximum cover of 1,700 m, composed almost entirely of limestones, from the Triassic to the Cretaceous age (Figure 15 ). The mountain is full with karstic features with big springs at its periphery to the Corinthian Gulf. A big initial concern was on the method to apply for the construction in this highly karstic environment and if a TBM could be used. Finally, based on a thorough hydrogeological assessment it was concluded that the interior of the mass was preserved from karstic processes, due to its tectonic history and no karstic waters, either transit or permanent had to be encountered. Indeed in the exception of two conduits the limestone was absolutely non-karstic and the TBM construction was very efficient. Another ongoing project with major hydraulic tunnels is the one associated with the partial diversion of the Acheloos 
EPILOGUE
The collected data show that ancient Hellenes were definitely aware of the importance of the availability of water.
The transport of water over long distances was done with renowned aqueducts. So, spring water from the mountainous areas was collected and transferred by gravity via Table 1 .
The hydraulic technology of aqueducts is characterized by its durability and sustainability, although works are usually expensive, both in construction and maintenance.
Several underground aqueducts have been operated for a long time with some of them being in operation until now.
